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DESCRIPTION 
PROCESS FOR PRODUCING ANTIBODY 

5 Technical Field 

The present invention relates to methods for preferentially producing desired antibodies 
when producing multispecific antibodies which bind multiple antibodies or antibody fragments. 
More specifically, the present invention relates to methods for producing antibodies in which 
contact is inhibited between the first light chain and the second heavy chain, which are not linked 

10 to the first heavy chain and second light chain respectively, and contact is inhibited between the 
first heavy chain and second light chain, which are not linked to the first light chain and second 
heavy chain respectively. In addition, the present invention relates to methods for increasing 
the specific activity of antibody compositions by using the above methods, and antibody 
compositions obtained by these methods, as well as vectors used in these methods, vector kits 

15 comprising the vectors, and cells comprising the vectors or vector kits. 

Background Art 

An antibody is generally composed of two heavy (H) chains and two light (L) chains. 
A single H chain and single L chain are linked via a disulfide bond to form a H chain-L chain 

20 pair, and two such pairs are linked via two disulfide bonds between the H chains to form an 
antibody. Bispecific antibodies (BsAbs), also called Afunctional antibodies, are multivalent 
antibodies with specific binding sites for two antigenic determinants. They can react with two 
types of antigens. BsAbs can be produced using hybrid hybridomas, or more specifically 
quadromas, which are fusions of two different types of monoclonal antibody-producing cells 

25 (U.S. Patent No. 4,474,893; R. Bos and W. Nieuwenhuitzen Hybridoma (1992) 11(1): 41-51). 
BsAbs can also be generated by linking Fab (antigen-binding) fragments or Fab* fragments of 
two types of monoclonal antibodies, using chemical techniques (M. Brennan et al Science 
(1985) 229(1708): 81-3) or genetic engineering. In addition, BsAbs can be produced by 
covalently linking two complete monoclonal antibodies (B. Karpovsky et al J. Exp. Med. (1984) 

30 160(6): 1686-701). 

Problems underlying BsAb production methods include the possibility of generating ten 
different types of antibody molecules due to the random combination of immunoglobulin H 
chains and L chains (M.R. Suresh et al Methods Enzymol. (1986) 121: 210-28). Of these ten 
types of antibodies produced by quadromas, the only antibodies with the desired dual specificity 

35 are those with the correct L and H chain combination and which are composed of two L chain/H 
chain pairs with different binding specificities. Therefore, antibodies with the desired 
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specificity must be selectively purified from the ten types of antibodies produced by quadromas. 
Purification is generally performed using affinity chromatography, but this method is laborious 
and low yielding (Y.S. Massimo et al J. Immunol. Methods (1997) 201: 57-66). 

Methods that overcome such problems and give higher BsAb yields include, for 
5 example, methods of chemically linking antibody fragments such as Fab'-thionitrobenzoic acid 
derivative and Fab' -thiol (SH) (Brennan et al Science (1985) 229: 81). Furthermore, methods 
for more conveniently obtaining Fab'-SH fragments able to be chemically linked include 
methods for producing these fragments from hosts such as E. coli using genetic recombination 
techniques (Shalaby etal J. Exp. Med. (1992) 175: 217-25). Genetic recombination techniques 

10 can also be used to obtain BsAbs composed of humanized antibody fragments. Diabodies (Db) 
are BsAbs constructed from the gene fusion of two types of fragments, and they comprise an L 
chain variable region (VL) connected to a H chain variable region (VH) by a linker that is too 
short to allow pairing between the two (P. Holliner et al Proc. Natl. Acad. Sci. USA (1993) 90: 
6444-8; EP No. 404,097; W093/11161). An example of such a Db that has been further 

15 improved is a single-chain Db (WO 03/087163). However, antibody fragments have a shorter 
serum half-life when compared to full-length antibodies, and do not have effector functions like 
complete antibodies do. Therefore, in some cases, full-length antibodies are more suitable for 
diagnosis and therapy. 

Methods for efficiently linking generated antibody H chains into heterodimers include a 

20 method for introducing a sterically complementary mutation into the CH3 domain (a portion of 
the constant region) in the multimerized domain of an antibody H chain (Ridgway et al Protein 
Eng. (1996) 9: 617-21). H chains produced by this method may still form pairs with the wrong 
L chains. Japanese Patent Kohyo Publication No. (JP-A (Kohyo)) 2001-523971 (unexamined 
Japanese national phase publication corresponding to a non- Japanese international publication) 

25 describes a method for generating multi-specific antibodies which share common light chains 
binding to heteromeric polypeptides with antibody-binding domains. However, when any two 
such antibodies are selected, they rarely share the same L chain, and the method is difficult to 
perform. Therefore, one of the present inventors proposed a method of screening for a common 
L chain that corresponds to an arbitrary different H chain and exhibits high affinity 

30 (PCT/JP04/000496). 

BsAbs having specific binding capacities for two different antigens are useful as 
targeting agents in clinical fields such as in vitro and in vivo immunodiagnosis, therapy, and 
immunoassays. For example, they can be used as vehicles to link enzymes to carriers by 
designing a BsAb so that one of its arms binds to an epitope of an enzyme reaction 

35 non-inhibiting portion of an enzyme to be used in an enzyme immunoassay, and the other arm 
binds to a carrier for immobilization (Hammerling et al J. Exp. Med. (1968) 128: 1461-73). 
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Another example is antibody-targeted thrombolytic therapy. This therapy examines the use of 
antibodies that transport enzymes such as urokinase, streptokinase, tissue plasminogen activator, 
prourokinase, and their precursor proteins, in a manner specific to fibrin in thrombi (T. 
Kurokawa et al Bio/Technology (1989) 7: 1163; Japanese Patent Application Kokai Publication 
5 No. (JP-A (Kokai)) H05-3 04992 (unexamined, published Japanese patent application)). 
Furthermore, there have also been reports of using BsAbs as mouse/human-chimeric bispecific 
antibodies applicable in cancer targeting (JP-A (Kokai) H02-145187), and in cancer therapy and 
diagnosis for various tumors (see for example, JP-A (Kokai) H05-213775; JP-A (Kokai) 
H10-165184; JP-A (Kokai) Hll-71288; JP-A (Kohyo) 2002-518041; JP-A (Kohyo) 

10 Hll-506310; Link et al Blood (1993) 81: 3343; T. Nitta et al Lancet (1990) 335: 368-71; L. 
deLeij et al Foundation Nationale de Transfusion Sanguine, Les Ulis France (1990) 249-53; Le 
Doussal et al J. Nucl. Med. (1993) 34: 1662-71; Stickney et al Cancer Res. (1991) 51: 6650-5), 
mycotic therapy (JP-A (Kokai) H05-1 99894), immune response induction (JP-A (Kohyo) 
H10-511085; Weiner et al Cancer Res. (1993) 53: 94-100), induction of killer T-cell function 

15 (Kroesen et al Br. J. Cancer (1994) 70: 652-61; Weiner et al J. Immunol. (1994) 152: 2385), 
immunoanalysis (M.R. Suresh et al Proc. Natl. Acad. Sci. USA (1986) 83: 7989-93; JP-A 
(Kokai) H05-184383), immunohistochemistry (C.Milstein and A.C.Cuello Nature (1983) 305: 
537), and such. 

Specific antibodies for a certain antigen can be produced via genetic engineering, by 
20 obtaining the nucleotide sequences of the H and L chain variable regions which determine the 
antigen specificity of antibodies (J. Xiang et al Mol. Immunol. (1990) 27: 809; C.R. Bebbington 
et al Bio/Technology (1992) 10: 169). Methods for obtaining antigen-specific H and L chains 
include methods that utilize phages or phagemids using E. coli as the host (W.D. Huse et al 
Science (1989) 246: 1275; J. McCafferty et al Nature (1990) 348: 552; A.S. Kang et al Proc. 
25 Natl. Acad. Sci. USA (1991) 88: 4363). In these methods, antibody libraries are constructed by 
generating Fabs, or by generating fusion proteins between a phage coat protein and Fab or a 
single-strand Fv. Finally, antigenic affinity is examined to select antigen-specific antibodies 
and their genes from these antibody libraries. 

30 Disclosure of the Invention 

When expressing bispecific antibodies (BsAbs), most H chains are formed into 
heterologous combinations (Ha-Hb) using the knobs-into-holes technique; however, the L chains 
corresponding to the each H chain do not necessarily bind to the desired H chains. Thus, four 
possible combinations of H and L chains exist: HaLa-HbLb (the desired form), HaLb-HbLa, 

35 HaLa-HbLa, and HaLb-HbLb. Therefore, when producing a bispecific agonist IgG by simply 
expressing two H chains to which the knobs-into-holes technique is applied, and two L chains, 
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the apparent specific activity of the IgG produced would be lower than expected because of the 
presence of undesired IgGs. Moreover, the desired IgG is not produced at a constant rate 
because the expression level of each chain can differ, or the affinity level of undesired H and L 
chain combinations can differ. In addition, there is no way of confirming the ratio of desired 
5 IgG versus total IgG produced. These problems make it difficult to screen for antibodies based 
on their agonist activity. The problems are likely to occur when producing multi-specific 
antibodies, including all BsAbs. 

To solve the above problems, the present inventors paid attention to the fact that when 
using knobs-into-holes, antibodies with only a single H chain are not secreted, and they revealed 

10 that it is possible to preferentially form a desired BsAb as follows: H and L chains of one arm 
(Ha and La) are first expressed, their expressions are suppressed, and then the H and L chains of 
the other arm (Hb and Lb) are expressed so that the desired HL molecules (HaLa and HbLb) are 
first constructed and then the H chains are paired with each other (H2L2). Thus, the present 
inventors completed this invention. The present invention enables the efficient production of 

15 desired antibodies when producing multi-specific antibodies such as bispecific IgG, by inhibiting 
contact between H and L chains that do not correspond to each other. For example, this is 
achieved by respectively expressing the H and L chains on the left arm of an antibody (Left HL) 
and the H and L chains on the right arm of the antibody (Right HL) at different times using 
vectors that allow regulated expression. 

20 More specifically, the present invention provides: 

[1] a method for producing an antibody wherein the method comprises inhibiting 
contact between a first light chain (L chain) and a second heavy chain (H chain), which are not 
linked to a first H chain and a second L chain respectively, and inhibiting contact between a first 
H chain and a second L chain, which are not linked to a first L chain and a second H chain 

25 respectively; 

[2] a method for producing an antibody wherein the method comprises expressing a first 
pair and a second pair of the antibody at different times; 

[3] a method for producing an antibody, wherein the method comprises the following 

steps, 

30 (a) expressing a first H chain and a first L chain to prepare a first pair of the antibody, 

(b) expressing a second H chain and a second L chain to prepare a second pair of the 
antibody, and 

(c) preparing the antibody using the first pair and the second pair; 

[4] a method for producing an antibody wherein the method comprises the following 

35 steps, 

(a) inducing the expression of a first H chain and a first L chain to prepare a first pair of 
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the antibody, 

(b) turning off the induced expression of the first H chain and the first L chain, 

(c) inducing the expression of a second H chain and a second L chain to prepare a 
second pair of the antibody, and 

5 (d) preparing the antibody using the first pair and the second pair; 

[5] the method of any one of [1] to [4,] wherein the amino acid sequences of the first 
and the second H chains are different, and the amino acid sequences of the first and the second L 
chains are different; 

[6] the method of any one of [1] to [5], wherein the antibody is a bispecific antibody; 
10 [7] the method of any one of [1] to [6], wherein the antibody is unlikely to be formed 

from a combination of just the first pairs or the second pairs; 

[8] the method of any one of [1] to [7], wherein the antibody which is unlikely to be 
formed from a combination of just the first pairs or the second pairs is prepared using the 
knobs-into-holes technique; 
15 [9] a method for producing an antibody, the method comprising using a vector in which 

expressions of a first H chain and a first L chain can be induced by a first expression regulator; 
and a vector in which expressions of a second H chain and a second L chain can be induced by a 
second expression regulator; 

[10] a method for increasing the specific activity of an antibody composition by 
20 increasing the proportion of an antibody that comprises a first pair and a second pair in the 
antibody composition; 

[11] a method for increasing the specific activity of an antibody composition by 
expressing a first pair and a second pair of the antibody at different times; 

[12] a method for suppressing the production of antibodies other than an antibody 
25 comprising a first pair and a second pair by expressing the first pair and the second pair of the 
antibody at different times; 

[13] a method for expressing a first pair and a second pair of an antibody at different 
times, wherein the method comprises using two or more distinct expression inducing agents; 
[14] an antibody produced according to any one of [1] to [9]; 
30 [15] an antibody composition having a high proportion of an antibody comprising a first 

pair and a second pair, compared to an antibody composition produced by simultaneously 
expressing a first and a second H chains, and a first and a second L chains; 

[16] the antibody composition of [15], wherein the L and H chains of the antibody are 
not linked by a peptide linker; 
35 [17] a vector in which expression of an L chain or an H chain of an antibody can be 

induced by an expression inducing agent; 
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[1 8] a vector kit comprising a vector in which expression of a first L chain and a first H 
chain of an antibody can be induced by a first expression regulator; and a vector in which 
expression of a second L chain and a second H chain of the antibody can be induced by a second 
expression regulator; 
5 [19] a cell comprising a vector of [17] or [18]; and 

[20] a cell capable of expressing a first pair and a second pair of an antibody at different 

times. 

1 . Methods for producing antibodies 

10 The present invention relates to methods for preferentially producing desired antibodies 

when producing multi-specific antibodies which bind to multiple antibodies or antibody 
fragments. More specifically, in the process of producing multi-specific antibodies such as 
bispecific antibodies (BsAbs), a desired BsAb form can be produced by inhibiting contact 
between the first L chain and the second H chain, which are not linked to the first H chain and 

15 the second L chain respectively, and inhibiting contact between the first H chain and the second 
L chain, which are not linked to the first L chain and the second H chain respectively. In the 
present invention, a desired BsAb can be preferentially produced by (1) expressing the first H 
and L chains of an antibody to prepare the first H-L chain pair, (2) separately expressing the 
second H and L chains of the antibody to prepare the second H-L chain pair, and then (3) 

20 producing a desired BsAb using the two pairs produced in steps (1) and (2). In addition, when 
aiming to produce antibodies with three or more specificities, a desired number of H and L chain 
pairs are separately expressed to form each of the pairs, and then the formed pairs are used to 
produce the desired multi-specific antibody, as described for the production of BsAbs. 
Explanations hereinafter use BsAb as an example of a multi-specific antibody, but the methods 

25 of the present invention can be applied to other multi-specific antibodies in the same way. 

Herein, if a desired multi-specific antibody is a BsAb, *ihe first heavy (H) chain" means 
one of the two H chains composing the antibody, and "the second H chain" means the other H 
chain, which is different from the first H chain. Thus, any one of the two H chains may be 
defined as the first H chain and the other may be defined as the second H chain. In the same 

30 way, "the first light (L) chain" means one of the two L chains composing the BsAb, and "the 
second L chain" means the other L chain, which is different from the first L chain. Any one of 
the two L chains may be defined as the first L chain and the other may be defined as the second L 
chain. Normally, the first L and H chains are derived from the same antibody, which recognizes 
a given antigen (or epitope), and the second L and H chains are derived from the same antibody, 

35 which recognizes another antigen (or epitope), but they are not limited thereto. Herein, the pair 
formed by the first H and L chains is called the first pair, and the pair formed by the second H 
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and L chain is called the second pair. An antigen (or epitope) used for preparing the antibody 
from which the second pair is derived is preferably different from that used for preparing the 
antibody from which the first pair is derived. That is, the first and second pairs may recognize 
the same antigen, but preferably recognize different antigens (or epitopes). In this case, the H 
5 chains and L chains in the first and second pairs preferably comprise amino acid sequences that 
are different from each other. If the first and second pairs recognize different antigen 
determinants, the first and second pairs may recognize completely different antigens, or different 
sites (different epitopes) on the same antigen. In addition, one pair may recognize an antigen 
such as a protein, peptide, gene, and sugar, and the other may recognize a radioactive substance, 

10 chemotherapeutic agent, or cytotoxic substance such as a cell-derived toxin. However, when 
producing an antibody containing particular H and L chain pairs, the H and L chains may be 
arbitrarily selected as the first or second pair. 

Known sequences can be used as the genes encoding the H chains or L chains of 
antibodies, or such genes can be obtained by methods known in the art. For example, the genes 

15 may be obtained from antibody libraries, or by cloning antibody-encoding genes from 
hybridomas that produce monoclonal antibodies. 

Those skilled in the art can appropriately obtain antibody libraries since many antibody 
libraries are already known and methods for producing antibody libraries are commonly known. 
For example, antibody phage libraries may be obtained according to the methods described in the 

20 following literature: Clackson et al Nature 352: 624-628 (1991); Marks et al J. Mol. Biol. 222: 
581-597 (1991); Waterhouses et al Nucleic Acid Res. 21: 2265-2266 (1993); Griffiths et al 
EMBO J. 13: 3245-3260 (1994); Vaughan et al Nature Biotechnology 14: 309-314 (1996); JP-A 
(Kohyo) H20-504970. Alternative known methods can also be used, such as methods using 
eukaryotic cells as a library (W095/15393 pamphlet), or ribosome display methods. Further, 

25 techniques for obtaining human antibodies by panning using a human antibody library are also 
known. For example, variable regions of human antibodies can be expressed as single chain 
antibodies (scFvs) on the surface of phages using phage display methods, and those phages 
which bind antigens can be selected. The genes of selected phages can be analyzed to 
determine the nucleotide sequence encoding the variable regions of the human antibody that bind 

30 an antigen. Once the nucleotide sequence of the scFv that binds to the antigen has been 
determined, a human antibody can be obtained by preparing a suitable expression vector based 
on that sequence. Such methods are already well known (see WO92/01047, WO92/20791, 
WO93/06213, W093/11236, W093/19172, WO95/01438, and W095/15388). 

Antibody-encoding genes may be obtained from hybridomas using known techniques. 

35 A desired antigen or cells expressing such are used as sensitizing antigens, and immunization is 
performed according to standard methods. The obtained immune cells are fused with known 
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parental cells using standard cell fusion methods, and monoclonal antibody-producing cells 
(hybridomas) are screened using standard screening methods. mRNAs are isolated from the 
obtained hybridomas. cDNAs encoding the antibody variable regions (V regions) are 
synthesized from the mRNAs using a reverse transcriptase, and these are then ligated to a DNA 
5 encoding a desired antibody constant region (C region). 

More specifically, sensitizing antigens for obtaining genes encoding the antibody H and 
L chains of the present invention comprise both complete antigens with immunogenicity, and 
incomplete antigens without immunogenicity, such as hapten, but are not limited thereto. For 
example, an entire desired protein or its partial peptide may be used. In addition, substances 

10 composed of polysaccharides, nucleic acids, lipids, or such can be used as antigens. Therefore 
the antigens for the antibodies of the present invention are not particularly limited. Antigens 
may be prepared using methods known in the art, for example, methods using Baculovirus (for 
example, W098/46777). Hybridomas may be prepared, for example, by the method of Milstein 
et al (Kohler G and Milstein C. Methods Enzymol. 73: 3-46 (1981)). If the immunogenicity of 

15 an antigen is poor, the antigen may be conjugated with a macromolecule with immunogenicity, 
such as albumin, for immunization. In addition, if necessary, an antigen may be conjugated 
with other molecules to prepare a soluble antigen. If a transmembrane molecule such as a 
receptor is used as an antigen, a fragment of the extracellular domain of the receptor may be used, 
and a cell expressing the transmembrane molecule on the cell surface may also be used as an 

20 antigen. 

Antibody-producing cells can be obtained by immunizing animals using appropriate 
sensitizing antigens. Alternatively, antibody-producing cells can be prepared by in vitro 
immunization of lymphocytes that can produce antibodies. Various mammals can be used as 
immunizing animals, and primates and Rodentia and Lagomorpha animals are generally used. 

25 Examples of such animals include mice, rats, and hamsters for Rodentia, rabbits for Lagomorpha, 
and monkeys including cynomolgus monkeys, rhesus monkeys, hamadryas, and chimpanzees for 
primates. In addition, transgenic animals carrying human antibody gene repertoires are known, 
and human antibodies can be obtained by using such animals (see, WO96/34096; Mendez et al 
(1997) Nat. Genet. 15: 146-56). 

30 Instead of using such transgenic animals, for example, human lymphocytes may be 

immuniz ed with a desired antigen or cells expressing the same in vitro, and the immunized 
lymphocytes may be fused with human myeloma cells such as U266 cells to obtain a desired 
human antibody with binding activity to the antigen (Japanese Patent Application Kokoku 
Publication No. (JP-B) HO 1-59878 (examined, approved Japanese patent application published 

35 for opposition)). Alternatively, a transgenic animal expressing the entire repertoire of human 
antibody genes may be immunized with a desired antigen to obtain a desired human antibody 
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(see W093/12227, WO92/03918, WO94/02602, WO96/34096, and W096/33735). 

Animal immunization can be carried out, for example, by appropriately diluting and 
suspending a sensitizing antigen in Phosphate-Buffered Saline (PBS), physiological saline, or 
such, and forming an emulsion by mixing an adjuvant as necessary, followed by intraperitoneal 
5 or subcutaneous injection into animals. After that, the sensitizing antigen mixed with Freund's 
incomplete adjuvant is preferably administered several times every four to 21 days. Antibody 
production can be confirmed by using conventional methods to measure the target antibody titer 
in animal sera. 

Antibody-producing cells obtained from lymphocytes or animals immunized with a 
10 desired antigen can be fused with myeloma cells to generate hybridomas by using conventional 
fusing agents such as polyethylene glycol (Goding, Monoclonal Antibodies: Principles and 
Practice, Academic Press, 1986, 59-103). Hybridoma cells are cultured and grown as required, 
and the binding specificity of the antibodies produced from these hybridomas is analyzed using 
known methods such as immunoprecipitation, radioimmunoassay (RIA), and enzyme-linked 
15 immunosorbent assay (ELISA). Thereafter, hybridomas producing antibodies found to have the 
desired specificity, affinity, or activity can be subcloned as required using methods such as 
limiting dilution. 

Next, genes encoding the selected antibodies can be cloned from hybridomas or 
antibody-producing cells (sensitized lymphocytes, and such) using probes that can bind 

20 specifically to the antibodies (for example, oligonucleotides that are complementary to 
sequences encoding the antibody constant regions). Cloning from mRNA using RT-PCR is also 
possible. Immunoglobulins are classified into five different classes, IgA, IgD, IgE, IgQ and 
IgM, which are further divided into several subclasses (isotypes) (for example, IgG-1, IgG-2, 
IgG-3, and IgG-4; IgA-1 and IgA-2; and such). The H and L chains used to produce antibodies 

25 in the present invention may be derived from any antibody belonging to any one of the above 
classes and subclasses. They are not particularly limited, but IgG is particularly preferable. 

Herein, genes encoding the H and L chains may be modified by gene engineering 
techniques. For example, antibodies from animals such as mice, rats, rabbits, hamsters, sheep, 
and camels may be appropriately made into genetically recombinant antibodies such as chimeric 

30 antibodies and humanized antibodies, which are artificially modified so as to reduce 
heterologous antigenicity in humans. A chimeric antibody consists of the constant H and L 
chain regions from a human antibody and the variable H and L chain regions of an antibody from 
a non-human mammal, such as mouse. Such chimeric antibodies may be obtained by ligating a 
DNA that encodes the variable region of a mouse antibody with a DNA that encodes the constant 

35 region of a human antibody, integrating the DNA into an expression vector, and introducing the 
vector into a host to produce the antibody. A humanized antibody is also called a reshaped 
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human antibody, and can be prepared as follows: A DNA sequence designed to link to the 
complementary determining region (CDR) of an antibody from a non-human mammal, such as 
mouse, is synthesized by PCR using several oligonucleotides prepared so as to have overlapping 
ends. The obtained DNA is ligated with a DNA encoding the constant region of a human 
5 antibody, integrated into an expression vector, and then introduced into a host to produce a 
humanized antibody (EP239400; WO96/02576). The framework region (FR) of the human 
antibody linked via the CDR may be selected so that it forms a suitable antigen binding site. If 
necessary, the amino acid sequence of the FR in the variable region of the reshaped human 
antibody may be substituted so that the CDR can form an appropriate antigen binding site (Sato 

10 K. et al Cancer Res. 53: 851-856 (1993)). 

In addition to the humanization described above, antibodies may be modified to 
improve their biological characteristics, for example, their antigen binding capacity. Such 
modifications can be made using methods such as site-directed mutagenesis (see for example, 
Kunkel Proc. Natl. Acad. Sci. USA (1985) 82: 488), PCR mutagenesis, and cassette mutagenesis. 

15 In general, mutant antibodies whose biological characteristics have been improved show amino 
acid sequence homology and/or similarity of 70% or higher, more preferably 80% or higher, and 
even more preferably 90% or higher (for example, 95% or higher, 97%, 98%, or 99%) to the 
original antibody variable region. Herein, sequence homology and/or similarity is defined as 
the ratio of amino acid residues that are homologous (the same residue) or similar (amino acid 

20 residues classified into the same group based on the general characteristics of amino acid side 
chains) to the original antibody residues, after maximizing the sequence homology value by 
aligning sequences and introducing gaps as necessary. Generally, naturally-occurring amino 
acid residues are classified into groups based on the characteristics of their side chains: (1) 
hydrophobic: alanine, isoleucine, norleucine, valine, methionine, and leucine; (2) neutral 

25 hydrophilic: asparagine, glutamine, cysteine, threonine, and serine; (3) acidic: aspartic acid, and 
glutamic acid; (4) basic: arginine, histidine, and lysine; (5) residues that affect the orientation of 
the chains: glycine, and proline; and (6) aromatic: tyrosine, tryptophan, and phenylalanine. 

Normally, the antigen binding site of an antibody is formed by interactions among the 
total of six complementary determining regions (hypervariable region CDRs) in the variable 

30 regions of the H and L chains. Although its affinity is lower than that of the entire antigen 
binding site, even one of these variable regions can recognize and bind an antigen. Thus, the 
genes encoding H and L chains of the antibodies of the present invention may be any form, as 
long as the polypeptides encoded by the genes retain the ability to bind to a desired antigen, and 
encode partial fragments comprising the each of the antigen binding sites of the H and L chains. 

35 Furthermore, the genes encoding H chains of the present invention are preferably 

designed so that the antibodies expressed from the genes are unlikely to be formed from a 
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combination of just the first pairs or just the second pairs. For example, the knobs-into-holes 
technique (JP-A (Kohyo) 2001-523971), a method known to those skilled in the art, introduces a 
specific and complementary interaction at the interfaces of the first and second polypeptides (for 
example, introducing a residue containing a free thiol to the interface of the first polypeptide and 
5 a corresponding residue containing a free thiol to the interface of the second polypeptide, so that 
a non-natural disulfide bond can be formed between the first and second polypeptides). This 
method enables the expression of H chains while promoting the formation of hetero-multimers 
and suppressing the formation of homomultimers. 

In order to inhibit contact between the first L chain and second H chain, which are not 

10 linked to the first H chain and second L chain respectively, and contact between the first H chain 
and second L chain, which are not linked to the first L chain and second H chain respectively, the 
first H chain and second L chain may be expressed at different times, and the first L chain and 
second H chain may be expressed at different times. For example, methods for expressing the 
first and second pairs at different times may be employed. 

15 In contrast to expressing the first and second pairs at different times as above, if the 

pairs are expressed simultaneously, neither the contact between the first L chain and second H 
chain, which are not linked to the first H chain and second L chain respectively, nor the contact 
between the first H chain and second L chain, which are not linked to the first L chain and 
second H chain respectively, are normally inhibited. Therefore, neither the binding between the 

20 first L chain and second H chain that are not linked with the first H chain and second L chain 
respectively, nor the binding between the first H chain and second L chain that are not linked 
with the first L chain and second H chain respectively, are suppressed. Herein, "expressing the 
first and the second pairs simultaneously" means that the time in which the first pair is expressed 
overlaps at least partially with that in which the second pair is expressed, and preferably it means 

25 that the times when the first and second pairs are expressed match exactly. 

In the present invention, if the first and second pairs are expressed at different times, it 
is preferable that the time at which the first pair is expressed and the time at which the second 
pair is expressed are completely different; that is, when the first pair is expressed, the second pah- 
is not expressed, and when the second pair is expressed, the first pair is not expressed. 

30 However, the present invention is not limited thereto, and the time in which the first pair is 
expressed may overlap partially with that in which the second pair is expressed. In an 
alternative method for suppressing the binding between the first H chain and second L chain, and 
the binding between the second H chain and first L chain, the first H chain and second L chain 
may be expressed at different times, and the second H chain and first L chain may be expressed 

35 at different times. Thus, in the methods of the present invention, it is preferable to express the 
first H chain and first L chain simultaneously, but the methods are not limited thereto, and the 
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first H chain and first L chain may be expressed at different times (this is also the case for the 
second H chain and second L chain). In such cases, for example, inhibition of the contact 
between the first L chain and second H chain that are not linked to the first H chain and second L 
chain respectively, and contact between the first H chain and second L chain that are not linked 
5 to the first L chain and second H chain respectively, allows inhibition of the binding between the 
first H chain and second L chain and the binding between the first L chain and second H chain. 
For example, the first and second pairs can be expressed at different places so as to form the 
respective pairs separately, and they can then be contacted with each other to prepare an antibody. 
An example of such methods is where the first pair and second pair are expressed in different 

10 cells, allowed to form their respective pairs, and then the cells expressing these first and second 
pairs are fused to prepare an antibody. 

Specific examples of methods for expressing the first and second pairs at different times 
include methods that induce the expression of the first and second pairs at different times using 
expression regulators and such. More specifically, a vector in which expression of a first pair 

1 5 can be induced by a first expression regulator, and a vector in which expression of a second pair 
is inducible by a second expression regulator, are constructed. The first pair and second pair 
may be constructed in a single vector, or two or more different vectors. Alternatively, the H 
chain and L chain may be constructed in a single vector, or two or more different vectors. Next, 
the obtained vector constructs are introduced into cells, and expression of the first pair is induced 

20 by the first expression regulator, and then expression of the second pair is induced by the second 
expression regulator. In this case, expression of the first pair is preferably turned off before 
expression of the second pair is induced. 

The expression regulators are not particularly limited, and any kinds of expression 
regulators may be used as long as they can regulate expression of H chains and L chains in host 

25 cells. For example, expression may be induced in the presence of an expression regulator, and 
not in its absence; or conversely, expression may be induced in the presence of an expression 
regulator, and not in its absence. Expression regulators may be chemical compounds such as 
expression inducing agents, or physical factors such as temperature (heat). Specific examples 
of expression inducing agents include antibiotics such as tetracycline, hormones such as 

30 ecdysone analogues, and en2ymes such as Cre (a homologous recombination enzyme which 
causes recombination). In addition, induced expression of an H chain and/or L chain may be 
halted by removing the expression inducing agent that functions as an above-mentioned 
expression regulator. If a physical factor such as temperature (heat) is used as an expression 
regulator, the induced expression of an H chain and/or L chain can be halted by returning to a 

35 temperature that does not permit induction of expression. 

A vector whose expression can be induced by an expression regulator may be 
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constructed using methods known to those skilled in the art. For specific example, such a 
vector can be constructed by introducing a gene which encodes the first or second pair of an 
antibody into a commercially available vector whose expression can be induced by an expression 
inducing agent (for example, pcDNA4/TO, pIND (Invitrogen)). Normally, the first expression 
5 regulator, which is used to induce expression of the H and L chains of the first pair, is different 
from the second expression regulator, which is used to induce expression of the H and L chains 
of the second pair. In some cases, the expression regulator for inducing the H chain of the first 
pair may be different from that for inducing the L chain of the first pair (this is also the case for 
expression regulators for the H and L chains of the second pair). Vectors constructed as above 
10 in which the expression of the first or second pair of an antibody is induced by an expression 
regulator, can express the first and second pairs of an antibody at different times. In addition, 
host cells transfected with such vectors can express the first and second pairs of the antibody at 
different times. 

To construct vectors to express the respective antibody fragments of the present 

15 invention, regulatory units for transcription/translation of genetic information, such as promoters 
and terminators, are required, and an appropriate signal sequence is preferably placed at the 
N-terminus of the respective antibody fragments. Promoters such as those derived from lac, trp, 
tac, A, phage PL, and PR. may be used. Terminators such as those derived from trpA, phages, 
and rrnB ribosomal RNA may be used. Appropriate signal sequences include a leader peptide 

20 sequence that allows secretion of a fusion protein from host cells, such as pel IB (Better et aL 
Science 240: 1041-1043 (1988); Sastry etal Proc. Natl. Acad. Sci. U.S.A. 86: 5728 (1989)). 

The vectors used to construct vectors that can express the first and second pairs of an 
antibody of the present invention at different times are not particularly limited, and any vector 
may be used. Specific examples of the vectors include expression vectors derived from 

25 mammals (for example, pcDNA3 (Invitrogen), pEGF-BOS (Nucleic Acid Res. 18(17): 5322 
(1990)), pEF, and pCDM8), expression vectors derived from insect cells (for example, the 
"Bac-to-Bac Baculovirus expression system" (Gibco BRL), pBacPAK8), expression vectors 
derived from plants (for example, pMHl and pMH2), expression vectors derived from animal 
viruses (for example, pHS V, pMV, and pAdexLcw), expression vectors derived from retroviruses 

30 (for example, pZIPneo), yeast-derived expression vectors (for example, the "Pichia Expression 
Kit" (Invitrogen), pNVll, SP-QOl), expression vectors derived from Bacillus subtilis (for 
example, pPL608 and pKTH50), and expression vectors derived from E. coli (Ml 3 series vectors, 
pUC series vectors, pBR322, pBluescript, and pCR-Script). Commercially available vectors in 
which expression can be induced by an expression inducing agent may also be used. 

35 TTie cells used to prepare the cells that allow expression of the first and second pairs of 

an antibody of the present invention at different times are not particularly limited, and any cells 
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may be used. If eukaryotic cells are used as a host, animal cells, plant cells, or fungi cells can 
be used. Animal cells known for such use include: (1) mammalian cells such as CHO, COS, 
myeloma, baby hamster kidney (BHK), HeLa, and Vero cells, (2) amphibian cells such as 
Xenopus laevis oocytes, or (3) insect cells such as Sf9, Sf21, and Tn5 cells. Plant cells such as 
5 those derived from the genus Nicotiana, for example, from Nicotiana tabacum are known, and 
may be cultured as calluses. As fungus cells, yeasts (cells derived from the genus 
Saccharomyces, such as Saccharomyces cerevisiae), filamentous fungi (cells from the genus 
Aspergillus, such as Aspergillus niger) and such are known. If prokaryotic cells are used, 
production systems using bacterial cells are available. As the bacterial cells, E. coli and 

10 Bacillus subtilis and such are known. In the present invention, the use of animal cells is 
preferable in view of glycosylation, tertiary structure conservation and so on, and the use of 
mammalian cells is particularly preferable. The cells of the present invention can be prepared 
by introducing a vector that can express the first and second pairs (in some cases, the respective 
H and L chains of the first and second pairs) of an antibody of the present invention at different 

15 times. 

Methods for introducing the vector constructs that express the respective pairs into 
desired host cells depend on the type of the vectors and host cells. If a prokaryotic cell is used 
as a host cell, the vector may be introduced into the host cell by methods such as those using 
calcium ions (Proc. Natl. Acad. Sci. U.S.A. 69: 2110 (1972)), protoplast (JP-A (Kokai) 

20 S63-24829) and electroporation (Gene 17: 107 (1982); Molecular & General Genetics 168: 111 
(1979)). If the host cell is a yeast, methods using electroporation (Methods Enzymol. 194: 182 
(1990)), spheroplasts (Proc. Natl. Acad. Sci. U.S.A. 81: 4889 (1984)), lithium acetate (J. 
Bacteriol. 153: 163 (1983)), and such may be used. If the host is a plant cell, methods such as 
those using Agrobacterium (Gene 23: 315 (1983); WO89/05859, and so on) and sonication 

25 (WO91/00358) are known. When a mammalian cell is used as a host, methods for introducing 
the vector include those using electroporation (Cytotechnology 3: 133 (1990)), calcium 
phosphate (JP-A (Kokai) H2-227075), lipofection (Proc. Natl. Acad. Sci. USA 84: 7413 (1987); 
Virology 52: 456 (1973)), calcium phosphate coprecipitation, DEAE-dextran, and direct 
injection of DNA with microcapillaries. 

30 The host cells thus obtained can be cultured, for example, by the following methods: 

When the host cells are prokaryotes or eukaryotic microorganisms, the culture media can be 
natural or synthetic, as long as they comprise essential substances for growth, such as carbon and 
nitrogen sources and inorganic salts which can be assimilated by the organisms, and allow 
efficient culture of the transformants. Culture may be carried out under aerobic or anaerobic 

35 conditions, and other conditions such as temperature, pH of the media, and duration of the 
culture can be appropriately determined by those skilled in the art, depending on the type of 
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transformant. When using expression vectors equipped with inducible promoters, inducers may 
be added to the media as necessary (for example, IPTG for the lac promoter, and IAA for the trp 
promoter). When using insect cells as a host, media such as TNM-FH medium (Pharmingen), 
Sf-900 II SFM (Life Technologies), ExCelWOO and ExCell405 (JRH Biosciences), and Grace's 
5 Insect Medium (Nature 195: 788 (1962)) may be used. If necessary, antibiotics such as 
gentamicin may be added to the media. If animal cells are used as host cells, common media 
such as RPMI1640 (The Journal of American Medical Association 199: 519 (1967)), Eagle's 
MEM (Science 122: 501 (1952)), DMEM (Virology 8: 396 (1959)), 199 medium (Proceeding of 
the Society for the Biological Medicine 73: 1 (1950)), and those supplemented with BSA and so 
10 on can be used. Culture can be carried out under normal conditions, such as pH 6 to 8, 30°C to 
40°C, and 5% CO2. If necessary, antibiotics such as kanamycin and penicillin may be added to 
the media. 

Methods for cloning an antibody-encoding gene into a suitable vector, introducing this 
into a host, and producing the antibody using recombinant DNA techniques are well known to 

15 those skilled in the art (for example, Carl, A.K. Borrebaeck & James, W. Larrick 
THERAPEUTIC MONOCLONAL ANTIBODIES, Published in the United Kingdom by 
MACMILLAN PUBLISHERS LTD. (1 990)). 

A specific example of the methods for producing antibodies of the present invention is 
given below. First, the H and L chains on the left arm of an antibody (Left HL) and the H and L 

20 chains on the right arm of the antibody (Right HL) are respectively cloned into a tetracycline 
inducible pcDNA4 vector (Invitrogen) and an ecdysone inducible pIND vector (Invitrogen). 
All of the expression-regulated plasmids are introduced into the above-mentioned suitable host 
cells, for example, animal cells such as COS-7 cells. For example, for the first induction 
tetracycline is added to the medium, and a Left HL molecule is formed in the cells. One to two 

25 days after the first induction, the medium is washed away to completely remove the first agent 
(tetracycline, in this case). Next, the cells are placed in a fresh medium containing an ecdysone 
analogue, the agent for the second induction, and the second induction is conducted for two to 
three days. Consequently, a Right HL molecule is produced and associates with the Left HL 
molecule already present in the cells, thus forming a complete BsAb form, which is then secreted 

30 into the medium. 

The methods for producing antibodies of the present invention enable suppression of the 
production of antibodies other than those containing both the first and second pairs, and enable 
an increase in the proportion of antibodies containing both the first and second pairs in the 
antibody compositions produced. Thus, the methods of the present invention make it possible 

35 to increase the specific activity of the produced antibody compositions. 
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2. Antibodies 

The present invention provides the antibodies produced by the methods described above. 
The antibodies in the antibody compositions produced by the above methods may be purified 
using known standard methods for protein purification, as necessary. For example, affinity 
5 columns such as Protein A columns, chromatography columns, filtration, ultrafiltration, salting 
out, and dialysis may be selected and appropriately combined to separate and purify antibodies 
(Antibodies: A Laboratory Manual. Ed Harlow and David Lane Cold Spring Harbor Laboratory 
(1988)). Purification may be performed, for example, using the antigen binding activity of an 
antibody as a marker. Antigen binding activity can be measured by known methods 

10 (Antibodies: A Laboratory Manual. Ed Harlow and David Lane Cold Spring Harbor Laboratory 
(1988)). For example, enzyme-linked immunosorbent assays (ELISA), enzyme immunoassays 
(EIA), radio immunoassays (RIA), immunofluorescence, or such may be used. 

The multi-specific antibodies produced in the present invention are not particularly 
limited, but are normally bispecific antibodies (BsAbs) in which the first H chain and second H 

15 chain have a different amino acid sequence, and the first L chain and second L chain have a 
different amino acid sequence. Hereinafter the descriptions are mostly of BsAb, but these 
descriptions can be applied to other multi-specific antibodies. The first pair and second pair of 
a BsAb may recognize the same antigen, but preferably recognize different antigens (or epitopes). 
Herein, a BsAb may recognize completely different antigens or different sites (epitopes) on the 

20 same antigen. In addition, one pair may recognize an antigen such as a protein, peptide, gene, 
or sugar, and the other pair may recognize a radioactive substance, chemotherapeutic agent, or 
cytotoxic substance such as a cell-derived toxin, etc. 

An antibody produced in the present invention is preferably designed so that the 
antibody is unlikely to be formed by association between the first pairs or between the second 

25 pairs. For example, knobs-into-holes engineering may be used. Knobs-into-holes engineering 
introduces a specific and complementary interaction on the interface between the first and 
second polypeptides to promote hetero-multimer formation and suppress homo-multimer 
formation (for example, a residue containing a free thiol and a corresponding residue containing 
a free thiol are introduced onto the interface between the first and second polypeptides 

30 respectively, thus forming a non-natural disulfide bond between the first and second 
polypeptides) (JP-A (Kohyo) 2001-523971). The knobs-into-holes technique is known to those 
skilled in the art, and they can suitably apply it to antibodies. 

In addition, the antibodies produced in the present invention are preferably antibodies in 
which the H and L chains are not linked with a linker or such, or more preferably antibodies in 

35 which there is no covalent bond except disulfide bonds present between the H and L chains. 

Moreover, the antibodies can be minibodies such as antibody fragments, or modified 
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antibodies, as long as they bind to an antigen. Examples of such antibody fragments are Fab, 
Fab', F(ab')2, Fv, diabodies, etc. Such antibody fragments can be obtained by constructing a 
gene encoding an antibody fragment, introducing it into an expression vector, and expressing the 
vector in a suitable host cell (for example, Co M.S. et ah I. Immunol. 152: 2968-2976 (1994); 
5 Better M. and Horwitz A.H. Methods Enzymol. 178: 476-496 (1989); Pluckthun A. and Skerra A. 
Methods Enzymol. 178: 497-515 (1989); Lamoyi E. Methods Enzymol. 121: 652-663 (1986); 
Rousseaux J. et ah Methods Enzymol. 121: 663-669 (1986); Bird R.E. and Walker B.W. Trends 
Biotechnol. 9: 132-137 (1991)). 

Modified antibodies, such as antibodies conjugated with a variety of molecules such as 

10 polyethylene glycol (PEG), may be used. In addition, the antibodies may be conjugated with a 
labeling substance, chemotherapeutic agent, cytotoxic substance such as a bacteria-derived toxin, 
etc. Labeled antibodies are particularly useful, and methods are known for labeling antibodies 
with enzymes, fluorescent substances, luminescent substances, radioisotopes, metal chelates, and 
such, and then detecting the labeled antibodies. A modified antibody may be obtained by 

15 directly applying chemical modification to the obtained antibody using a cross-linker and so on. 
Alternatively, an antibody may be conjugated with a low molecular weight hapten (for example, 
biotin, dinitrophenyl, pyridoxal, and fluoresamine), and indirectly labeled using a conjugate that 
recognizes the low molecular hapten. Moreover, antibodies whose sugar chains are modified 
may be used in the present invention. Techniques for modifying the sugar chains of antibodies 

20 are already known (for example, WO00/61739 and WO02/31140). An "antibody" in the 
present invention also comprises these antibodies. 

If an antibody of the present invention is produced for use in cancer therapy, for 
example, one arm of the antibody may be prepared so as to recognize a tumor cell antigen, and 
the other arm may be designed to recognize a molecule that triggers cytotoxicity. Examples of 

25 tumor cell antigens include ID 10 (malignant B cell), AMOC-1 (pan carcinoma associated 
antigen), CAMA1, CD7, CD15, CD19, CD22, CD38, CEA, EGF receptor, Id-1, L-Dl (colon 
cancer), M0VI8, p97, plSS 12 * 2 , OVCAR-3, neural cell adhesion molecule (NCAM), kidney cell 
carcinoma, melanocyte-stimulating hormone analogue, and folate binding protein (FBP). 
Examples of cytotoxicity-triggering molecules are CD3, CD16, and FcyRI. In addition, a BsAb 

30 may be designed so that it can bind to a toxin such as IFN-a, saponin, vinca alkaloid, and ricin A 
chain. 

Furthermore, an antibody of the present invention may be constructed so as to bind to a 
receptor that forms a hetero-dimer and changes the distance or angle between the chains or such 
upon ligand binding, thereby transducing signals inside the cell (for example, many cytokine 
35 receptors). The obtained antibody can be used as an agonist antibody that can mimick the 
ligand-induced dimerization of a receptor. 
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In addition to the above examples, the following antibodies are known: (1) antibodies 
that interact with an enzyme assisting conversion of chemical compounds, such as the 
conversion of mitomycin phosphate to mitomycin alcohol, (2) antibodies that bind to fibrin, tPA, 
uPA, or such, which are useful as fibrinogen dissolving agents, (3) antibodies that bind to LDL 
5 and Fc receptor (FcyRI, FcyRII, or FcyRIII) or such and direct immune complexes to cell surface 
receptors, (4) antibodies that recognize T cell antigens such as CD3 and antigens of pathogens 
such as HCV, Influenza, and HTV, which can be used for infectious diseases, (5) antibodies that 
bind to tumor antigens that can be used for tumor detection and detectable substances such as 
EOTUBE, DPTA, and hapten, (6) antibodies that can be used as vaccination adjuvants (Fanger et 

10 al. Crit Rev. Immunol. 12: 101-124 (1992)), and (7) antibodies that recognize substances 
detectable for diagnosis (such as rabbit IgQ horseradish peroxidase (HRP), FITC, and 
p-galactosidase); and hormone, ferritin, somatostatin, substance P, CEA, and so on. The 
methods of the present invention can be used to produce a variety of antibodies, including the 
above described multi-specific antibodies (WO89/02922; EP314,317; and US5116964). 

15 As described above, in the same way as conventional multi-specific antibodies, the 

antibodies of the present invention are useful for immunodiagnosis, therapies and diagnosis 
based on immunoassays in clinical fields and so on. An antibody of the present invention can 
be used for a variety of therapeutic purposes, for example: to trigger cytotoxicity such as killing 
tumor cells; to use as a vaccination adjuvant; to appropriately transport an agent such as a 

20 thrombolytic agent to an in vivo target; to precisely convert a pro-drug at a target site, where the 
pro-drug is activated by an enzyme; to direct an immune complex to a cell surface receptor for 
treating an infectious disease; and to transport an immunotoxin or such to a target cell such as a 
tumor cell. 

Antibodies of the present invention can be formulated by methods known to those 
25 skilled in the art and used as pharmaceutical compositions. Such pharmaceutical compositions 
for therapeutic use, which comprise antibodies of the present invention, may be formulated by 
mixing as necessary with suitable pharmaceutical^ acceptable carriers, solvents and such that do 
not react with the antibodies. For example, sterilized water, saline, stabilizers, vehicles, 
antioxidants (e.g. ascorbic acid), buffers (e.g. phosphate, citrate, and other organic acids), 
30 preservatives, detergents (e.g. PEG and Tween), chelating agents (e.g. EDTA), and binders may 
be mixed. Furthermore, the pharmaceutical compositions may comprise other low molecular 
weight polypeptides, proteins such as serum albumin, gelatin and immunoglobulins, amino acids 
such as glycine, glutamine, asparagine, arginine, and lysine, carbohydrates and sugars such as 
polysaccharides and monosaccharides, and sugar alcohols such as mannitol and sorbitol. When 
35 prepared as an aqueous solution for injection, saline and isotonic solutions comprising glucose 
and other adjunctive agents such as D-sorbitol, D-mannose, D-mannitol, and sodium chloride 
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may be used. In addition, appropriate solubilizing agents such as alcohols (e.g. ethanol), 
polyalcohols (e.g. propylene glycol and PEG), and non-ionic detergents (e.g. polysorbate 80 and 
HCO-50) may be used in combination. 

If necessary, diabodies of the present invention may be encapsulated in microcapsules 
5 (microcapsules made of hydroxycellulose, gelatin, polymethylmethacrylate, and so on), and 
made into components of colloidal drug delivery systems (liposome, albumin microsphere, 
microemulsion, nano-particles, and nano-capsules) (see, for example, "Remington's 
Pharmaceutical Science 16th edition", Oslo Ed. (1980)). Moreover, methods are known for 
making sustained-release drugs, and these can be applied to the diabodies of the present 

10 invention (Langer et a/., J. Biomed. Mater. Res. 15: 167-277 (1981); Langer, Chem. Tech. 12: 
98-105 (1982); US 3,773,919; EP Patent Application No. 58,481; Sidman et a/., Biopolymers 22: 
547-556 (1983); EP 133,988). 

Patients can be administered with the antibodies by any route, either oral or parenteral, 
but preferably by a parenteral route. Specifically, administration is performed by injection, 

15 nasally, transpulmonarily, subcutaneously, etc. For example, the antibodies may be 
administered by injection systemically or locally via intravenous injection, intramuscular 
injection, intraperitoneal injection, subcutaneous injection, and so on. In addition, an 
appropriate administration method may be selected based on the age or symptoms of a patient. 
A dose may be selected, for example, within the range of 0.0001 mg to 1,000 mg per kg body 

20 weight. Alternatively, a dose may be selected, for example, within the range of 0.001 mg to 
100,000 mg/body. However, the present invention is not limited to these above-described doses 
and administration methods. 

The antibodies of the present invention may be used for enzyme immunoassays. For 
this purpose, one of the antibody variable regions of an antibody is designed to recognize an 

25 epitope that does not interfere with the enzymatic activity of the enzyme, and the other region is 
designed to recognize a carrier that binds to the antibody. For example, antibodies that 
recognize IgG, ferritin, HRP, and hormones may be used for such assays. 

In addition, the antibodies of the present invention may be used for in vivo and in vitro 
immunodiagnosis of a variety of diseases. For example, the variable region of one pair of an 

30 antibody can be designed to recognize an antigen that is specific to tumor cells, and the other can 
be designed to bind a detectable marker. Detectable markers include radioisotopes (e.g. 3 H, 14 C, 
32 P, 35 S, and 125 I), fluorescent dyes (e.g. fluorescein and luciferin), chemiluminescent compounds 
(e.g. isothiocyanate and rhodamine), and generally used enzymes such as alkaline phosphatase, 
P-galactosidase, and HRP. The binding of antibodies to these substances and detection of such 

35 can be performed according to known methods (Hunter et al. 9 Nature 144: 945 (1962); David et 
ah, Biochemistry 13: 1014 (1974); Pain et aL 9 J. Immunol. Meth. 40: 219 (1981); Nygen, J. 
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Histochem. Cytochem. 30: 407 (1982)). The antibodies of the present invention which are 
capable of reacting with such detectable substances can also be used in a variety of assays, 
including competitive binding assays, direct and indirect sandwich immunoassays (e.g. ELISA), 
and immunoprecipitation assays (Zola, "Monoclonal Antibodies: A Manual of Techniques", 
5 147-158, CRC Press Inc. (1987)). 

If the antibodies of the present invention are used for the above-described diagnosis or 
such, the antibodies may be bound to insoluble carriers as necessary. Methods for binding 
antibodies to insoluble carriers are well known, and commonly used chemical coupling methods 
or physical absorption may be used to immobilize antibodies. Examples of insoluble carriers 
10 include those with desired forms, such as spherical, fibrous, rod, container (such as a tray), disc, 
cell and test tube forms, which are made of a variety of synthetic resins, polysaccharides, glasses, 
metals, and so on. 

3. Antibody compositions 

15 In the present invention, the term "antibody composition" means a group comprising 

multiple kinds of antibodies. 

"Increasing the proportion of a desired antibody in an antibody composition" means 
increasing the proportion of an antibody made of the first and second pairs in the antibody 
composition. Thus, it means decreasing the proportion of antibodies that comprise a pair 

20 formed from the first H chain and second L chain, or a pair formed from the second H chain and 
first L chain. Therefore, the antibody compositions of the present invention generally have 
increased specific activities. 

Indices for the specific activity of an antibody include its binding activity, agonist 
activity, antagonist activity, and neutralizing activity. An index detected to measure the specific 

25 activity may be any index, as long as it enables the measurement of a quantitative and/or 
qualitative change in the desired antibody in an antibody composition. For example, indices 
used for cell-free assays, cell-based assays, tissue-based assays, and in vivo assays may be used. 
The indices for cell-free assays may be enzyme reactions based on a present antibody's binding 
activity, agonist activity, antagonist activity, neutralizing activity and such; or a quantitative 

30 and/or qualitative change in a protein, DNA, and RNA. Examples of enzyme reactions include 
reactions such as amino acid transfer, glycosyltransfer, dehydration, dehydrogenation, and 
substrate cleavage. Other indices that may be used include protein phosphorylation, 
dephosphorylation, dimerization, multimerization, degradation, dissociation and such; and DNA 
or RNA amplification, cleavage, and extension. In addition, phosphorylation of proteins 

35 located downstream of a signal transduction pathway may be detected as an index. Indices 
used in cell-based assays may be changes in cell phenotype due to a present antibody's binding 
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activity, agonist activity, antagonist activity, neutralizing activity and such. Examples of such 
changes include quantitative and/or qualitative changes in a product, changes in proliferation 
activity, cell shape changes, and changes in characteristics. The products may be secreted 
proteins, cell surface antigens, intracellular proteins, mRNAs or such. Shape changes include a 
5 process formation and/or change in the number of processes, changes in flatness, the degree of 
extension/aspect ratio, cell size, intracellular structures, heterogeneity/homogeneity of cell 
population, and changes in cell density. Such cell shape changes are normally confirmed by 
observation under a microscope. Changes in characteristics include changes in anchorage 
dependency, cytokine-dependent responses, hormone dependency, drug resistance, cell motility, 

10 cell migratory activity, beating, and intracellular substances. Cell motility includes cell 
invasion activity, and cell migration activity. Changes to intracellular substances may be 
changes in enzyme activities, mRNA levels, the levels of intracellular messengers such as Ca 2+ 
and cAMP, cellular protein levels, etc. Changes in cell proliferation activity, induced by 
binding to a receptor, agonist effect, antagonist effect, or neutralizing effect of the antibody of 

15 the present invention, may be used as an index. Indices for detection in tissue-based assays 
may be functional changes corresponding to the tissues being used. Indices for in vivo assays 
include changes in tissue weight, changes in the blood system such as the number of 
hematopoietic cells, changes in protein level, enzyme activity, and electrolyte level; or changes 
in the circulation system such as blood pressure and cardiac rate, which are caused by the 

20 binding, agonist activity, antagonist activity, neutralizing effect or such of an antibody of the 
present invention. 

The methods for measuring these detection indices are not particularly limited; and 
luminescence, color development, fluorescence, radioactivity, fluorescence polarization, surface 
plasmon resonance signal, time-resolved fluorescence, mass, absorbance spectrum, light 

25 scattering, fluorescence resonance energy transfer and such may be used. These methods of 
measurement are well known to those skilled in the art, and may be appropriately selected 
depending on the purpose. For example, absorbance spectra can be determined using a 
commonly used photometer, plate reader or such; luminescence can be measured using a 
luminometer or the like; and fluorescence can be measured with a fluorometer or such. Mass 

30 can be measured using a mass spectrometer. Radioactivity can be determined using a 
measuring device depending on the type of radiation, such as a gamma counter. Fluorescence 
polarization can be measured using BEACON (TaKaRa Shuzo); surface plasmon resonance 
signals can be measured using BIACORE, and time-resolved fluorescence and fluorescence 
resonance energy transfer can be measured with ARVO and so on. In addition, a flow 

35 cytometer and such may be used. In these measuring methods, two or more detection indices 
may be measured for a single method. Furthermore, two or more measurements can be 
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performed simultaneously and/or continuously to measure multiple detection indices, if 
convenient For example, fluorescence and fluorescence resonance energy transfer can be 
simultaneously measured using a fluorometer. 

5 4. Vectors and cells 

The present invention provides vectors in which the expression of antibody H or L 
chains is induced using an expression inducing agent, which can be used in the methods of 
producing antibodies of this invention. The vectors used in such methods are preferably vectors 
in which the expression of both the H chain and L chain forming a pair is induced by a single 

10 expression regulator. In this case, the genes encoding the H chain and L chain may be 
integrated in the same single vector, or in separate vectors. In addition, the present invention 
relates to vector kits comprising a vector encoding the first L chain and first H chain, and a 
vector encoding the second L chain and second H chain. In the vector kits, expression of the 
first L chain and first H chain is preferably induced by an expression regulator different from that 

15 inducing expression of the second L chain and second H chain. Furthermore, if necessary, the 
vectors and vector kits of the present invention may be constructed so that expressions of the 
first H chain, first L chain, second H chain, and second L chain are respectively induced with 
different expression regulators. 

The present invention provides cells comprising the above vectors or vector kits. 

20 Preferably, the cells can express a pair of the first H chain and first L chain of an antibody, and a 
pair of the second H chain and second L chain at different times. The vectors and cells of the 
present invention are specifically described in the above section of "1. Methods for producing 
antibodies". 

Any prior publications cited herein are incorporated by reference. 

25 

Brief Description of the Drawings 

Fig. 1 shows a graph comparing IFN agonist activities using a quantitative luciferase 

assay. 2-3: Simultaneous induction; 3-3: tetracycline induction for one day followed by 

muristerone A induction for two days; 4-4: tetracycline induction for one day followed by 
30 muristerone A induction for three days; 5-3: tetracycline induction for two days followed by 

muristerone A induction for one day; 7-4: muristerone A induction for one day followed by 

tetracycline induction for three days. 

Fig. 2 shows graphs comparing the amounts of antibodies of a desired type by sandwich 

ELISA. Absorbance at 405 nm with a reference wavelength at 655 nm was measured for each 
35 antibody sample at the indicated concentrations. The top graph shows the results for ARl-His 

+ Antibody + AR2-biotin, and the bottom graph shows the results for AR2-His + Antibody + 
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ARl-biotin. Filled circles: samples expressed by simultaneous induction; open squares: 
samples expressed by induction at different times. 

Best Mode for Carrying Out the Invention 
5 Hereinbelow, the present invention will be specifically described using Examples, 

however, it is not to be construed as being limited thereto. 

[Example 1] Construction of expression plasmids for a bispecific IgG antibody that can bind to 
human IFN heteroreceptor (AR1/AR2) 
10 When only one of the light chains of an anti-ARl or anti-AR2 antibody is expressed 

along with two H chains, and is shared by the H chains, the resulting antibody loses activity and 
may function as an inhibitor instead. Therefore, when both L chains are expressed and an IgG 
of a desired combination is preferentially expressed, the apparent specific activity of IgG is 
expected to increase. 

15 When producing bispecific IgG antibodies, amino acids in the CH3 domain of human 

IgG4 were substituted based on the knob-into-hole techniques used for IgGl (Ridway et aL, 
Protein Eng. 9(61): 7-21 (1996)) so that molecules with a heterologous H chain combination 
were formed. The "type a" substitution product (human IgG4ya) carries Y349C and T366W 
substitutions, and 'type b" (human IgG4yb) carries E356C, T366S, L368A, and Y407V 

20 substitutions. In addition, a substitution (-ppcpScp- to -ppcpPcp-) was introduced to the hinge 
regions of both derivatives. 

The tetracycline inducible vector pcDNA4 (Invitrogen) was used to express one arm of 
an antibody molecule against an AR1 receptor (for convenience referred to as the right arm HL 
molecule). Vectors (pcDNAl-24H or pcDNAl-24L) were constructed as is known in the art, 

25 such that they contained expression units for the respective H and L chains composing the right 
arm HL molecule, in which the variable region (Vh or Vl) of a mouse antibody recognizing AR1 
receptor, and the constant region of human IgG4ya or the human k constant region were 
incorporated, respectively, downstream of the signal sequence for animal cells (IL3ss) (Proc. 
Natl. Acad. Sci. U.S.A. 81: 1075 (1984)). 

30 An ecdysone analogue-inducible vector pIND (Invitrogen) was used to express the other 

arm of the antibody molecule recognizing AR2 receptor (referred to as the left arm HL molecule, 
fot convenience). Vectors containing expression units for the respective H and L chains 
composing the left arm HL molecule of the antibody were similarly constructed (pIND2-7H or 
pIND2-7L), in which the variable region (V H or V L ) of a mouse antibody recognizing AR2 

35 receptor, and the constant region of human IgG4yb or the human k constant region were 
incorporated, respectively, downstream of the signal sequence for animal cells (IL6ss) (EMBO J. 
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6: 2939 (1987)). The plasmid DNAs were isolated using a commercially available plasmid 
purification kit (QIAprep Spin Miniprep kit, QIAGEN). Plasmids were stored at 4°C until use. 

[Example 2] Preparation of bispecific IgG antibodies by temporal differential expressions of HL 
5 molecules in animal cells 
2- 1 . Preparation of DN A 

The expression vectors (pcDNAl-24H and pcDNAl-24L) for the right arm HL 
molecule of the antibody can be induced by tetracycline. In order to completely suppress their 
expression in the absence of tetracycline, the plasmid pcDNA6/TR (Invitrogen) encoding the Tet 

10 repressor (TetR) is required. TetR forms a dimer, which binds to the two Tet operator 
sequences (Tet02) on pcDNA4/TO and suppresses transcription of a desired gene. Once 
tetracycline is added, it binds to the TetR dimer and causes conformational changes, which 
release TetR from the Tet operator and then transcription of the desired gene is induced by the 
CMV/Tet02 promoter. On the other hand, the expression vectors (pIND2-7H and pIND2-7L) 

15 for the left arm HL molecule of the antibody can be induced by an analogue compound of the 
insect hormone ecdysone (muristerone A or ponasterone A). This system requires plasmid 
pVgRXR (Invitrogen) that constitutively expresses the ecdysone receptor and retionid X receptor, 
which react with an ecdysone analogue compound and induce expression. Following the 
addition of an ecdysone analogue compound, the analogue compound, a heterodimer of 

20 ecdysone receptor, and retionid X receptor bind to the ecdysone/glucocorticoid promoter 
(5XE/GRE), and activate the expression of a desired gene. Thus, a solution containing a 
mixture of six kinds of plasmid DNA, comprising pcDNAl-24H, pcDNAl-24L, pIND2-7H, 
pIND2-7L, pcDNA6/TR, and pVgRXR, was prepared for transfection into animal cells. 

25 2-2. Transfection of animal cells 

When COS-7 cells (Invitrogene) which are derived from the cultured cell line of African 
green monkey kidney were used, the cells were suspended in DMEM medium supplemented 
with 10% FCS, plated into each well of 6-well plates for adherent cells (CORNING) at a cell 
density of lx 10 5 cells/ml, 1 ml per well, and then cultured overnight at 37°C, 5% C0 2 in an 

30 incubator. The plasmid solution prepared in Section 2-1 was added to a mixture of 1.5 fo.1 of 
FuGENE6 transfection reagent (Roche)(Invitrogen) and 250 jxl of Opti-MEM I medium 
(Invitrogen), left for 20 minutes at room temperature, and added to the cells in each well. The 
culture was incubated for four to five hours at 37°C, 5% CO2 in an incubator. 

When HEK293H cells (Invitrogen) which are derived from the cell line of human 

35 embryonic kidney were used, the cells were suspended in DMEM medium supplemented with 
10% FCS, plated into each well of 12- well plates for adherent cells (CORNING) at a cell density 
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of 5x 10 5 cells/ml, 1 ml per well, and then cultured overnight at 37°C, 5% C0 2 in a incubator. 
The plasmid solution prepared in Section 2-1 was added to a mixture of 7 \il of Lipofectamine 
2000 transfection reagent (Invitrogen) and 250 yxl of Opti-MEM I medium (Invitrogen), left for 
20 minutes at room temperature, and then added to the cells in each well. The culture was 
5 incubated for four to five hours at 37°C, 5% C0 2 in an incubator. 

2-3. Inducible expression of bispecific IgG antibody 

The culture medium was removed by aspiration from the cell culture transfected in 
Section 2-2. The culture was replenished with 1 ml of CHO-S-SFM-H (Invitrogen) containing 

10 1 fig/ml of tetracycline hydrochloride (WAKO Chemical), and incubated for one day at 37°C, 
5% CO2 in an incubator to perform the first inducible expression of the right arm HL molecule of 
the antibody. The culture medium was removed by aspiration, and the culture was washed once 
with 1 ml of CHO-S-SFM-II medium, 1 ml of the same medium containing 5 jiM of muristerone 
A (Invtrogen) or ponasterone A (Invitrogen) was added thereto, and incubated for two or three 

15 days at 37°C, 5% CO2 in an incubator to perform the secondary induction of expression of the 
left arm HL molecule of the antibody, and to secrete a bispecific IgG antibody into the medium. 
The culture supernatant was collected, centrifuged once at about 2,000x g at room temperature 
for five minutes to remove the cells, and concentrated as necessary using Microcon-50 
(Millipore). The sample was stored at 4°C until use. 

20 

2-4. Purification of the expressed antibody 

The culture supernatant sample as prepared in Section 2-3 was purified using Protein A 
resin (imp Protein A Sepharose FAST FLOW, Amersham Biosciences). Specifically, 50 jil of 
the resin previously equilibrated with TBS buffer was added to 4 ml of the supernatant, and 

25 mixed by continuous inversion at 4°C overnight to absorb the antibody onto the resin. After the 
mixture was centrifuged at 3,000x g for 10 minutes to remove the supernatant, the resin was 
resuspended with 500 fil of TBS buffer, and transferred onto a 0.22 \xm filter cup (Millipore). A 
cycle of centrifugation at 3,000x g for one minute and washing with TBS buffer was then 
repeated three times. 100 jil of elution buffer (10 mM HC1, 150 mM NaCl, 0.01% Tween-20) 

30 was used for elution. 5 fxl of 1 M Tris solution containing 150 mM NaCl was added to the 
eluate to neutralize it. The solution was stored at 4°C until use. 

2-5 . Quantitation of human IgG 

A goat affinity purified antibody to human IgG Fc (Cappel) was diluted at 1 jig/ml with 
35 coating buffer and immobilized onto 96-well MaxiSorp Surface Immunoplates (NALGE NUNC 
International). The plates were blocked with Diluent buffer (D.B.), and the culture supernatant 
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or purified antibody, which is appropriately diluted with D.B., were added thereto as a sample. 
In addition, ChromPure Human IgG, whole molecule (Jackson ImmunoResearch, 11.1 mg/ml) 
was diluted with D.B. into eleven samples using two-fold dilutions starting from 1,000 ng/ml and 
these were added as the standard for calculating antibody concentration. After washing three 
5 times, the plates were reacted with a goat anti-human IgQ alkaline phosphatase (Biosource). 
After washing five times, the signals were developed using Sigma 104® phosphatase substrate 
(Sigma Chemical), and absorbance at 405 nm with the reference wavelength 655 nm was 
measured using the absorbance reader Model 1550 (Bio-Rad Laboratories). The human IgG 
concentration in the culture supernatant was calculated from the standard curve using the 
10 software Microplate Manager III (Bio-Rad Laboratories). 

[Example 3] Measurement of human IFN agonist activity by a reporter gene assay 

The IFN agonist activity (relative luciferase unit: RLU) of the non-purified antibody 
was examined using transformant cells that were a human hepatoma derived HuH-7 cell line 

15 (National Institute of Health Sciences, Japan) introduced with the plasmid pISRE-Luc 
(Stratagene), which carries the luciferase gene downstream of an element responsive to IFN 
stimulus. The activity was measured according to the instructions described in the manual 
accompanying the luciferase quantitation system Bright-Glo™ Luciferase Assay System 
(Promega). Human IFNct (rhIFN-aA, Calbiochem) was used as a positive control. The 

20 results are shown in Fig. 1. Samples with expressions induced using the inducible vectors at 
different times (3-3, 4-4, 5-3, and 7-4) had specific activities increased by 5- to 10-fold compared 
to samples with expression induced by the inducible vectors simultaneously (2-3). Thus, the 
results strongly suggest that expressing HL molecules at different times leads to the reduction of 
the proportion of IgG with undesired combinations, and thereby increases specific activity. 

25 

[Example 4] Analysis of the expression level of a desired antibody using sandwich ELISA 

Each His-tagged receptor (ARl-His or AR2-His) was diluted with Diluent buffer (D.B.) 
to 500 ng/ml, and 100 jxl of each was added to the wells of a 96-well Ni-NTA HisSorb Plate 
(QIAGEN), and absorbed at 4°C overnight. Supernatant was removed by aspiration, then 200 

30 nl of SuperBlock™ Blocking Buffer in TBS (PIERCE) was added thereto, and blocking was 
performed 60 minutes at room temperature. After washing three times, purified antibodies 
diluted with D.B (31.25 to 500 ng/ml) were added, and incubated at room temperature for 60 
minutes. One antibody sample was expressed by simultaneous induction with tetracycline and 
ponasterone A after transfection (simultaneous induction), and the other was expressed by 

35 induction with tetracycline for one day followed by induction with ponasterone A for two days 
(temporal differential expression). After three washes, 100 jil of biotinylated secondary 
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antibody corresponding to the respective antibodies (that is, AR2-biotin for ARl-His, and 
ARl-biotin for AR2-His) diluted with D.B. to 500 ng/ml was added to the plate, and incubated at 
room temperature for 60 minutes. After five washes, the signals were developed using Sigma 
104® phosphatase substrate (Sigma Chemical), and absorbance at 405 nm with reference 
5 wavelength 655 nm was measured using the absorbance reader Model 1550 (Bio-Rad 
Laboratories). 

In both kinds of ELISA strategies (ARl-His + Antibody + AR2-biotin, and AR2-His + 
Antibody + ARl-biotin), the samples in which expression of each HL molecule was induced at 
different times showed about a twofold higher binding ability per unit antibody level than 
10 samples in which both HL molecules were expressed simultaneously. This result indicates the 
preferential proportion of the desired antibody type. 

Industrial Applicability 

The present invention provides methods for preferentially producing a desired antibody 

15 when producing multi-specific antibodies which bind to multiple antibodies or antibody 
fragments. More specifically, when producing bispecific antibodies (BsAbs), for example, the 
methods of the present invention can be used to efficiently produce a desired BsAb by inhibiting 
contact between the first light chain and second heavy chain, which are not linked with the first 
heavy chain and second light chain respectively, and contact between the first heavy chain and 

20 second light chain, which are not linked with the first light chain and second heavy chain 
respectively. Thus, the methods for producing multi-specific antibodies of the present 
invention enable an increase in the proportion of an antibody composed of the correct pairs of 
heavy and light chains in the antibody compositions produced, and an increase in the specific 
activity of multi-specific antibodies useful for immunodiagnosis, therapy, diagnosis using 

25 immunoassays, and such in clinical fields. 



